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Efficacy of Ultrasound Imaging to Detect Periodontal Bone Defects 
                                                      Rajia Sebbahi, D.M.D 
 
Objectives: Clinicians are always searching for a non- invasive method to diagnose periodontal 
defects. Two-dimensional radiographs are limited in the ability to describe a three-dimensional 
periodontal defect. Ultrasound has been used in dentistry for caries detection and enamel cracks 
diagnosis. Its non- ionizing radiation properties are attractive to clinical use in dentistry.  The 
purpose of the present study is to investigate the efficacy of ultrasound imaging to accurately 
detect periodontal defects. 
Methods: Twenty mandibles with simulated defects of specific dimensions were imaged using 
ultrasound and measured. The measurements were compared to the actual defects and to 2-D 
radiographs measurements. A panel of three evaluators compared ultrasound images of simulated 
defects to 2- D radiographs of the same defects. 3-D reconstructed images of two mandibles with 
natural periodontal defects were compared to cone beam images of the same mandibles. 
Results: The results have shown that conventional radiographs were not accurate in imaging the 
posterior mandible, while measurements made from ultrasound images were accurate for both 
anterior and posterior mandibles. Measurements of the simulated defects from ultrasound images 
were accurate. The ultrasound images were rated favorably in image clarity, image detail, overall 
image quality and fatigue level in comparison to conventional radiographs and cone beam 
imaging 
Conclusions: These results suggest that ultrasound imaging may provide a reliable diagnostic 
alternative to conventional two-dimensional radiographs. Optimizing ultrasound technology for 






















This thesis is dedicated to my daughter Layla , my 
husband and best friend Hani and my parents who have 
always  encourage and support me.   
Thank you for your unwavering support and giving me 



























A special thanks are extended to the following individuals: 
 
 
Dr. Peter Ngan for your invaluable guidance, encouragement, and inspiration and for spending 
the individual time away from work to help me with my thesis. 
 
Dr. Ricahrd Crout for serving on my thesis committee and the exceptional editing. Your 
precious time to be evaluator on an integral part of my thesis was greatly appreciated.  
 
Dr. Harold Reed for serving on my thesis committee and your unique insight and ideas on my 
project and  giving your precious time to be evaluator on an integral part of my thesis.  
 
Drs. John Dempsey, Jeff Gilmore, Jennifer Hamilton, Mike Hazey,, Kerry Kirsch, Thomas 
Jarrett, Chris Martin, Edward McFarland, and Tim Tremont, for all the invaluable lessons 
and clinical knowledge that you have provided me. I have learned so much from all of you and am 
thankful that I was enabled the opportunity to work with each of you.  
 
Dr Joe Bonello, for all your advice and priceless knowledge. I will always  remember you 
 
Pam , Karen and Leona, for your support and keeping us in check in the clinic. We could not do it 
without you guys. Thanks for all the good times and good laughs.  
 
Joyce and Carrie, for your help and support in everything. You are an asset to this program and I 
am so thankful to have gotten the opportunity to work with you. 
 
Drs. Michael Becht  and Dr. Thuy Do- Delatour, my classmates. I do not think I could have made 
it through with out you. You made the program much more bearable. Thank you for all your help. 
You were true friends indeed. I will miss you so much.  
 
The Residents: Mike, Dean, Kolin, Maggie , Erica and Rob for making the last two years of 
my residency truly enjoyable.
v 
TABLE OF CONTENTS 
ABSTRACT .................................................................................................................................... ii 
DEDICATION ............................................................................................................................... iii 
ACKNOWLEDGEMENTS ........................................................................................................... iv 
TABLE OF CONTENTS .................................................................................................................v 
LIST OF TABLES ......................................................................................................................... vi 
LIST OF FIGURES .........................................................................................................................x 
CHAPTER I .....................................................................................................................................1 
INTRODUCTION .....................................................................................................................1 
SIGNIFICANCE OF THE PROBLEM .....................................................................................2 
STATEMENT OF THE PROBLEM .........................................................................................2 
NULL HYPOTHESES ..............................................................................................................2 
DEFINITION OF TERMS ........................................................................................................3 
LIMITATIONS ..........................................................................................................................5 
DELIMITATIONS ....................................................................................................................5 
CHAPTER II ....................................................................................................................................7 
REVIEW OF LITERATURE ....................................................................................................7 
CLASSIFICATION OF PERIODONTAL DEFECTS ..............................................................7 
ORTHODONTIC TREATMENT OF PERIODONTAL DEFECTS ........................................8 
RADIOGRAPHIC DETECTION OF PERIODONTAL DEFECTS ........................................9 
BASIC ULTRASOUND PRINCIPLES ..................................................................................10 
CHAPTER III ................................................................................................................................13 
MATERIALS AND METHODS .............................................................................................13 
EDENTULOUS DRIED CADAVER MANDIBLE PHASE:  
Simulated Periodontal Bone Defects ...........................................................................14 
Survey Phase ......................................................................................................................15 
DENTATE DRIED CADAVER MANDIBLE PHASE: Natural Periodontal Defects ...........16 
CHAPTER IV ................................................................................................................................22 
RESULTS AND DISCUSSION ..............................................................................................22 
RESULTS ................................................................................................................................22  
EDENTULOUS DRIED CADAVER MANDIBLE PHASE ..................................................22 
SURVEY RESULTS ...............................................................................................................28 
DENTATE DRIED CADAVER MANDIBLE PHASE ..........................................................31 
DISCUSSION ..........................................................................................................................34 
EDENTULOUS DRIED CADAVER MANDIBLE PHASE ..................................................34 
DENTATE DRIED CADAVER MANDIBLE PHASE ..........................................................37 
CHAPTER V .................................................................................................................................38 
SUMMARY, CONCLUSIONS, RECOMMENDATIONS ....................................................38 
SUMMARY .............................................................................................................................38 
CONCLUSIONS......................................................................................................................39 
RECOMMENDATIONS .........................................................................................................41  
REFERENCE LIST .......................................................................................................................42 
APPENDIX A ................................................................................................................................45 
APPENDIX B ................................................................................................................................49 
CURRICULUM VITAE ................................................................................................................54 
vi 
 
LIST OF TABLES 
Table 1: Comparison between actual diameter and measurements made using the conventional 
2-D x-ray with different exposure time and angulation A: anterior, LB: left buccal, RB: 
right buccal. .....................................................................................................................23 
Table 2: Comparison between actual diameter of defects and measurements made using 
ultrasound ........................................................................................................................24 
Table 3: Comparison between measurements of defects using ultrasound and 2-D radiographs at 
different exposure time and angulation  ..........................................................................25 
Table 4: Comparison of ultrasound based on defect size in anterior region ..................................26 
Table 5. Comparison of ultrasound based on defect size in the left buccal region ........................26 
Table 6. Comparison of ultrasound based on defect size in the right buccal region .....................26 
Table 7. Comparison of ultrasound to actual defects based on defect size  
using Tukey –Kramer ......................................................................................................27 
Table 8. Comparison of conventional based on defect size in anterior region ..............................27 
Table 9. Comparison of conventional based on defect size in left buccal region ..........................27 
Table 10. Comparison of conventional based on defect size in right buccal region .....................28 






LIST OF FIGURES 
Figure 1. Comparison of quality of image between ultrasound and radiographs ..........................29 
Figure 2. Comparison of fatigue level between ultrasound and radiographs ................................31 
Figure 3. Image preferences between ultrasound and radiographs ................................................32 
Figure 4. Comparison of quality of image between ultrasound and cone beam ............................33 
Figure 5. Comparison of fatigue level between ultrasound and radiographs ................................33 





Orthodontists are routinely involved in the treatment of periodontal bony defects.  Molar 
uprighting and forced eruption are examples of procedures undertaken by orthodontists to treat 
periodontal defects.  In addition, the presence of a defect may alter an orthodontic treatment plan. 
Therefore, accurate detection and diagnosis of such defects is important in prescribing the proper 
orthodontic treatment. Although, the Golden standard in diagnosing periodontal defects is 
intrasurgical measurements 1 , it has the drawback of  being an invasive procedure.  Therefore, 
indirect means to detect periodontal defects are utilized, including  periodontal probing and 
radiographic measurements.  The limitations of periodontal probing are related to the operator 
such as positional errors and the force used when probing a pocket, and/or the periodontal probe 
diameter and shape of the probe.2  The use of radiographs can help in diagnosing periodontal 
defects,  previous studies have shown the inability of traditional two-dimensional radiographs to 
adequately describe a three-dimensional periodontal defect when compared to the gold standard 
of intrasurgical measurement.   Ionizing radiation is the major problem with  radiography. It 
causes chemical changes in the irradiated cells, yielding to possible biologic damage. Jeffcoat et 
al3 found that radiation burden is low. Radiographs are also two dimensional representation of 
complex three dimensional bone, tooth and soft tissue structures.3 Three dimensional radiographs 
are more accurate in discerning the type of periodontal defects such as two-wall or three wall 
periodontal defects.  However, the cost is high and they are not usually available in every office.  
Ultrasound is a promising technology that can be used to detect quantitively bone density.  Its 
non-ionizing radiation properties are attractive to clinical use in dentistry.  The first use of 
diagnostic ultrasound in dentistry have been by Baum et al4, 5 who used a borrowed 15MHz 
2 
ophthalmological ultrasound scanner to image the internal structure of teeth.4 Spranger in1971 
reported use of ultrasound to diagnose marginal periodontal disease.6 The use of ultrasound to 
diagnose bony defects has not been reported in the literature. The objective of this study was to 
investigate the efficacy of ultrasound imaging in diagnosing periodontal bony defects. 
 
Significance of the Problem 
 
Clinicians are always searching for a non- invasive method to diagnose periodontal defects. 
Two-dimensional radiographs are limited in the ability to describe a three-dimensional 
periodontal defect when compared to the gold standard of intrasurgical measurement. 
The purpose of the present study is to investigate the efficacy of ultrasound imaging to 
accurately detect periodontal defects. 
 
Statement of the Problem 
 
Does ultrasound provide more information and accurate image of a periodontal defect, compared 
to traditional 2-D radiograph?  
 
Null Hypothesis 
Comparison of ultrasound and conventional radiographs using simulated periodontal 
defects  
1. No significant difference exists between accuracy of measurements obtained from 
ultrasound images and conventional 2-D radiographs when the width of defect was 
varied. 
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2. No significant difference exists between accuracy of measurements obtained from 
ultrasound images and conventional 2-D radiographs when the exposure time was varied. 
3. No significant difference exists between accuracy of measurements obtained from 
ultrasound images and conventional 2-D radiographs when the beam angulation was 
varied. 
4. No significant difference exists between accuracy of measurements obtained from 
ultrasound images and 2-D radiographs when bone density (anterior and posterior part of 
the mandible) was varied. 
Comparison of ultrasound and conventional radiographs using natural periodontal defects  
1.  No significant difference exists in the levels of image clarity, image detail, overall image 
quality, and fatigue levels between 2-D ultrasound images and conventional 2-D 
radiographs. 
2. No significant difference exists in the levels of image clarity, image detail, overall image 
quality, and fatigue levels between 3-D ultrasound images and 3-D Cone beam images. 
Definition of Terms 
1. Ultrasound – acoustic energy in the form of waves having a frequency above the human 
hearing range 
2. Conventional radiography – the use of x-ray film and an x-ray machine to produce a 
radiograph of a specified hard tissue structure. 
3. Periodontal Defect – an area of bone loss in supporting alveolar bone. 
4. Soft Tissue Phantom – a material that accurately simulates the density and x-ray 
scattering properties of human soft tissue in experiments involving radiography. ` 
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5. Transducer – generates and receives high frequency sound waves. Crystals inside the 
transducer emit pulses of sound waves. 
6. Sonix ultrasound – Sonix RP manufactured by Ultrasonic medical Corp., BC, and 
Canada. 
7. Exposure Time – the amount of time measured in seconds or fractions of seconds that an 
object is exposed to an x-ray beam.  A main determinant of radiographic density. 
8. Bone Quality – A description of bone structure which includes the relative amounts and 
density of cortical and trabecular bone. 
9. Cone-Beam Computed Tomography – the rotation of the x-ray producing tube head 
around the patient producing 365 slices as axial projection data that is reconstructed into 
a 3-D image by computer 
10. X-ray Beam Angulation – the angle of application of an x-ray beam upon an object 
measured in both the horizontal and vertical direction. 
11. 2-D – Two Dimensional 
12. 3-D – Three Dimensional 
13. Radiographic Image Detail – A qualitative measure of how much information an 
evaluator gets from an image. 
14. Overall Radiographic Image Quality – Characteristic of radiographs involving contrast, 
density, sharpness, and object positioning. 
15. Fatigue Level – How long an evaluator had to view an image when evaluating the image. 




1. The available ultrasound imaging for this study is optimized for soft tissue, thus   images 
of hard tissue-bone may not be optimal. 
2. Ultrasound waves do not travel well through air or bone.  
3. Dried cadaver mandibles do not fully substitute for living, biologic bone. The 
characteristics of dried bone are different than that of living bone. 
4. Ultrasound produces a new type of image, which a panel of investigators will not be 
familiar with viewing. Anisotropy of teeth  and their complex geometries may lead to 
variations in measurements depending in the position and direction of the beam  
5. Anisotropy of teeth and their complex geometries may lead to variations in measurements 
depending in the position and direction of the beam.  
6. The principal investigator will choose the settings and the angulation of the ultrasound 
transducer that produce the most useful image.  It is possible that different settings may 
alter the image quality of individual ultrasound images. 
Delimitations 
1. Ultrasound transducer angulation will not be studied. 
2. The study will be limited to the dental practitioner’s perception of ultrasound 
usefulness in dental imaging.  Image detail, clarity, quality, as well as confidence 
and fatigue levels will be evaluated. 
3. The simulated periodontal defects are made in symmetrical manner. The actual 
defects may have irregular shapes. 
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4. The variables of the study will be limited to exposure time, beam angulation, 
differing bone density/quality between anterior and posterior mandibular regions, 
and different defect size.  
5. One researcher performed all of the radiographic procedures. 
6. One researcher performed all of ultrasound imaging. 


















REVIEW OF LITERATURE 
Classification of Periodontal Defects 
 Changes in alveolar bone around teeth are important information to orthodontists because 
excessive loss of alveolar bone will ultimately be responsible for tooth loss.  A periodontal defect 
is defined as an osseous defect in the supporting alveolar bone. Periodontal defects can take on 
many forms.   A horizontal defect, the result of what is often referred to as horizontal bone loss, 
is the most common pattern of bone loss.  The bone level is reduced in a more or less even 
pattern with the bony margin remaining perpendicular to the tooth surface.  The bone level is 
also relatively parallel to the cemento-enamel junctions of adjacent teeth. The vertical or angular 
defect is another type of periodontal defect.  This bone loss pattern occurs in an oblique direction 
and leaves a hollowed-out trough in bone adjacent to the tooth root.  These defects can also occur 
on facial or lingual/palatal surfaces of bone.  Goldman and Cohen classified vertical defects 
based on the number of bony walls intact.  By this classification, it is possible to have a one, two 
or three-walled defect. Three-walled defects are often referred to as infrabony defects. 7 
        Types of vertical periodontal defects: A) 3-walled, B) 2-walled, C) 1-walled 
 
 Vertical defects are most commonly encountered in orthodontics.  These types of defects 
are encountered with mesially tilted posterior teeth and cases of localized periodontal disease.  
The diagnosis of vertical periodontal defects is important for the orthodontist as he or she 
attempts to form a treatment plan to either avoid or treat the periodontal defect through 
orthodontics.  Furthermore, the orthodontist would like to have a visual image of the topography 
and dimensions of the defect to properly prescribe treatment.  The radiograph is commonly used 
to provide this image. 
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The dimensions of a vertical defect are considerably more difficult to determine 
radiographically than horizontal defects and often require careful probing and/or surgical 
exposure for confirmation.  The shortcomings of traditional radiography in imaging vertical 
defects often lies in the presence of thick buccal and lingual cortical plates that obscure the 
defect. This thick cortical plate often does not allow an accurate radiographic image of the defect 
as the plate decreases the number of x-rays that are able to irradiate the defect and produce an 
image. Studies have shown that traditional radiographs   can significantly underestimate the 
amount of interproximal bone loss that is actually present in up to %71 of cases.8 
Orthodontic Treatment of Periodontal Defects 
 
 The mesial tilting of posterior teeth as a result of loss of arch integrity due to extractions, 
extensive caries, or ectopic tooth eruption is a common problem in adult orthodontic patients.  
The tilted position of these posterior teeth impairs the patient’s ability to maintain good oral 
hygiene and can lead to occlusal trauma as forces are no longer directed down the long axis of 
the tooth.  This compromised tooth position also makes adequate restoration of the teeth difficult 
and sometimes impossible. These factors, along with the presence of dental plaque bacteria, can 
promote the formation of intraosseous periodontal defects.9  Orthodontic treatment is a viable 
option for a means of attaining a more favorable osseous contour in some cases with periodontal 
defects.  This means of treatment is especially advocated in a one-walled defect in which the 
predictability of regenerative periodontal therapy is very low.10  Various orthodontic movements 
such as intrusion, extrusion, moving a tooth toward the defect, and moving the tooth away from 
the defect can modify the osseous contour.11, 12  Molar uprighting,  frequently reduces or 
eliminates the periodontal defect without any need for regenerative periodontal therapy.13-15 
Cirelli, et al. concluded that orthodontic movement did not interfere with the healing process of 
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one-walled intraosseous periodontal defects.9 Polson, et al.12 and Lindskog-Stokland, et al.16 
found similar results in their investigation of tooth movement towards periodontal defects.  
Ericsson, et al.19 and Garaci, et al.17 reported an increase in the connective tissue attachment 
levels after performing mesial inclination and bodily movement of teeth toward such defects.  
Therefore,  orthodontic tooth movement may enhance the healing process and the periodontal 
condition in certain cases.   
 In other cases, orthodontic treatment is not advocated for correcting periodontal defects 
in active periodontal disease.  If the inflammation from periodontal disease is not arrested prior 
to orthodontic tooth movement, the situation will worsen.  Orthodontic tooth movement is itself 
an inflammatory process. Orthodontic inflammation in addition to already present periodontal 
inflammation can result in a more rapid periodontal destruction.18 
Orthodontics is not advocated in the treatment of periodontal defects in the presence of a 
three-walled vertical defect. A three-walled vertical defect is best treated using an osseous 
regenerative procedure.19 The rationale behind this treatment plan is the fact that a three-walled 
defect has enough bony support to hold a bone graft is place.  In addition, the higher the number 
of bony walls present, the greater the supply of cells for regeneration.13 This situation would not 
be true for a one- or two-walled defect, which would not as easily hold a bone graft and would 
have less surface area from which to provide cells for regeneration. 
At any rate, the possibility of successful orthodontic treatment of periodontal defects 
increases the need for more accurate detection and diagnostic procedures.  
Radiographic Detection of Periodontal Defects 
 
 The detection and accurate assessment of the location, extent, and configuration of the 
periodontal defect is important for the determination of the tooth prognosis, treatment plan, and 
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the maintenance procedures.20 When it comes to the detection and diagnosis of periodontal 
defects, many methods can be used.  Manual probing to discern the borders and dimensions of 
the defect is the most acceptable clinical assessment of periodontal inflammation. 7 Radiography 
is used in an attempt to supplement the manual probing and provide a picture of the defect.  The 
gold standard for in-depth description of a defect’s dimensions is intrasurgical measurement. 1, 8, 
21 only by this method can the clinician see the topography and extent of the defect in its entirety.  
Obviously, the intrasurgical measurement procedure is the most invasive, costly, and time-
consuming.  In addition, manual probing is very technique sensitive and is difficult to 
standardize between clinicians.  Therefore, increasing emphasis is placed on radiography for the 
detection and description of periodontal defects.  However, the effectiveness of radiography for 
this purpose has been less than ideal. Studies have shown that that traditional radiographs can 
significantly underestimate interproximal bone loss.22, 23Early periodontal lesions are not 
detected in radiographs.24 The loss of bone  is masked with cortical plates that initially remain 
intact.25 
Basic Ultrasound Principles 
 
Ultrasound refers to sound waves beyond the human audible range. Diagnostics 
applications of ultrasound use frequencies of 1 to 10 million cycles/ sec, or 1 to 10 MHz 
Ultrasound are used to examine soft tissue anatomic structures. In medical ultrasound, the 
vibrating source is a ceramic element that vibrates in response to an electrical signal. The 
vibrating motion of the ceramic element in the transducer causes the particles in the surrounding 
tissue to vibrate. The transducer converts electrical energy to mechanical energy. The difference 
between ionizing radiation and ultrasound is that to increase the intensity of a beam of X-ray of a 
given spectral distribution, one increases the photon flux. The energy of individual photons 
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remains unchanged. The interaction mechanism of each photon remains the same but the number 
of interactions increases. To increase the intensity in a beam of ultrasound of fixed frequency, 
one increases the amplitude of particles to obtain a higher energy flux per unit area.26  
In diagnosing periodontal disease using ultrasonography,  the most common approach is 
using a pulse-echo probe that transmits the ultrasonic pulse at the gingival pocket through a 
coupling medium such as water.27 The ultrasound energy reflects from the periodontal ligament 
and is received by the transducer. Then because the speed of sound is constant, the distance to 
the periodontal ligament can be calculated. Second method involves transmission. It aims the 
ultrasonic energy at the gingival and has a separate receiving transducer inside the mouth to 
receive the signal. A third way involves applying a contact transducer to the gingival with some 
impedance- matching layer, such as rubber or ultrasonic gel pads. A B scan then can be produced 
similar to medical diagnostic practice.27 
In evaluating alveolar crest, both Greenberger al and Ursell28 concluded that transgingival 
probing or bone sounding was an accurate clinical estimator of alveolar bone levels. Tsiolis5 et al 
shows that ultrasonography which is less invasive than transgingival probing, can provide more 
accurate and repeatable estimation of the level of alveolar bone crest. His study has demonstrated 
that ultrasonography can produce images at buccal sites suitable for assessment of the 
periodontal structures. Measurements of certain landmarks revealed that ultrasonic scanner 
provided satisfactory results, both in terms of accuracy and repeatability. Moreover, ultrasound 
measurements were in better agreement with direct probing measurement than the agreement of 
the transgingival probing with direct measurement.5 Lost et al(1988) were able to determine the 
width of the periodontal ligament, using one dimensional A-scans in pig jaws. They also 
achieved  the determination of  the facial/ oral alveolar crest of pigs with one dimensional RF-
12 
echograms .Lost et al(1989) reported on ultrasonics  B-scans for two dimensional images of the 
oral/facial alveolar crest of pigs and concluded that the 20 MHz tranducer was more accurate 
than the 10MHz, due to better image resolution. They also concluded that the alveolar bone crest 


















MATERIALS AND METHODS 
The study will investigate diagnosis of natural periodontal defects and simulated defects 
in dried cadaver mandibles. The defects were radiographed in a previous study and those 
radiographs will be used for comparison.30 The same mandibles will be immersed in distilled 
water and will be imaged using Ultrasound waves applied through a handheld scanner called 
transducer probe. All the mandibles are immersed in water to assure the efficient coupling.  The 
transducer probe will be randomly moved around the defect to obtain the most accurate image. 
The diameter of each defect placed in the cortical bone of the lateral surface of the mandibles 
was measured at its widest dimension in millimeters on the conventional radiograph and the 
ultrasound image. These measurements were entered into a Microsoft Excel spreadsheet.  The 
measurement using ultrasound will be compared for accuracy to radiographic images 
Twenty dried human cadaver mandibles will be used. Two dentate with existing natural 
periodontal defects will be imaged using 3- D ultrasound and cone beam. Each mandible is 
assigned a number for identification.  The picture below shows the Sonix RP ultrasound system 
that will be used. It is a diagnostic ultrasound unit with special research capabilities, used with its 
5-14 MHZ linear array ultrasound transducer. The machine is used in the clinical mode for dry 
mandible examination to provide B-mode processed image. The radio frequency signals reflected 
from the field of view are digitized using sampling frequency of 40 MHZ 
14 
 
The Edentulous Mandibles with Simulated Periodontal Defects 
  
The edentulous specimens have various simulated bony defects. The stimulated defects 
were made in anterior and lateral posterior using a custom drill press and various sizes of drill 
bits the first row of defects was intracortical, placed in random order on the superior surface of 
mandibular bone with a uniform depth of 6mm, and had the following diameters: 1mm, 2mm, 
and 4mm.  A second row of defects penetrated the cortical bone on the lateral surface of the 
mandible, had a uniform depth of 3mm, and had the diameters previously mentioned placed in 
random order.  Figure A illustrates the configuration of the simulated defects. 30 
15 
 
Figure A. Simulated periodontal defect arrangement (note: actual arrangement was randomized) 
 
The defects will be imaged using Sonix ultrasound and the width of each defect will be 
measured at the widest dimension in millimeters. These measurements will be compared for 
accuracy to measurement obtained using traditional X-rays. The depth of the defects will not be 
imaged with ultrasound due to limitations of the sonix machine available for use. . The diameter 
of each defect will be measured at the widest dimension in millimeters. These measurements 
will be statistically compared to measurement of the same defects obtained using traditional X-
ray. 
Survey Phase 
Ten ultrasound  images will be compared to ten conventional radiographs of the same 
simulated defects. The images were kept in their original sizes. A panel of three clinicians  will 
evaluate the images and fill up a questionnaire  reporting the quality, fatigue level , overall 
clarity and  their preference. A copy of the questionnaire is located in Appendix A 
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The Dentate Mandible with Natural Periodontal Defect 
Existing periodontal defects in two mandibles will be imaged using high frequency 
ultrasound and a 3-D reconstructed image will be generated. The 3-D reconstructed image will 
be compared to images generated with cone Beam CT .  The ultrasound system in this part of 
study employs high frequency single-element ultrasound focused transducers (15 and 30 MHz) 
for scanning. The following technical information about image acquisition and processing is 
adapted from Ahmed Mahmoud in his paper titled “High frequency 3D echodentographic 
imaging modality for early assessment of periodontal diseases: in vitro study”.31  Continuous 
acquisition using an I GHz data acquisition card is synchronized with a high precision two-
dimensional stage positioning system of ±l p-m resolution for acquiring accurate and 
quantitative measurements of the mandible in vitro.  Radio frequency (RF) signals are acquired 
laterally 45.5 ~m apart for each frame. Different frames are reconstructed 500 ~m apart for the 
3D reconstruction.  Signal processing algorithms are applied on the received ultrasound signals 
for filtering, focusing, and envelope detection before frame reconstruction.   Then edge detection 
technique is adopted to detect the bone surface in each frame. All edges are combined together 
to render a 3D surface image of the jawbone.  
 





Figure 1 show a schematic diagram of the high frequency ultrasound imaging system. 
The upper part explores the main component of the system. A main bang of negative impulse 
type is used as the excitation signal for the ultrasound transducer. This signal is generated and 
amplified using a general purpose ultrasonic pulser-receiver.  
The same ultrasound transducer is used as both ultrasound transmitter and receiver and is 
connected to transmit/receive the port of the ultrasound pulser-receiver, which is operated in the 
pulse-echo mode. Two single-element ultrasound transducers are used (15 and 30 MHz). This 
echo signal is then amplified and filtered by the ultrasonic pulser-receiver.  The filtered and 
amplified signal is fed to a high-speed waveform digitizer which is synchronized with the 
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excitation signal. The imaging system uses a high performance PC based system for system 
control, synchronization, and for further signal processing . The PC controls a two-axis precision 
positioning system with I ~m resolution. The positioning system is synchronized with the data 
acquisition to collect the ultrasound signals continuously on the flight during the transducer 
movement down to 10 Clms apart. The received RF signals are digitized and saved with a 
sampling rate of 62.5 MHz as an 8-bits word using a high-speed data acquisition board . The 
high speed data acquisition board is fully controlled with the main PC via the PCI bus. A custom 
user-friendly computer program designed with Labview 8.2 (National Instruments, Austin, TX, 
USA) is used to control both the data acquisition board and the positioning system. These signals 
are saved sequentially according to the lateral location for further post-processing.   The data is 
then transferred to Matlab7.1  (The MathWorks, Inc., Natick, MA, USA) for post processing and 
image reconstruction. 31 
Signal and Image Processing 
Raw signals are filtered using a band-pass filter with a pass-band of ±20% of the 
transducer center frequency to remove the noise from the raw data. Time gain control (TGC) is 
applied after filtration to compensate for the attenuation effect using simple linear functions.   
The focusing procedure is then applied using the weighted synthetic aperture focusing technique 
(SAFT), which has been widely utilized for single-element systems.  In this work, the focusing 
technique described by Frazier et al.  has been employed with a slight adaptation to assure 
homogenous focusing due to its simplicity and validity. A phase-preserving algorithm based on 
decomposing the signal using complex-valued wavelets is employed to improve the image 
quality and decrease the noise . This algorithm utilizes non-orthogonal, complex valued, log-
Gabor wavelets to convert the image to the transform domain. In this technique, the appropriate 
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wavelet shrinkage thresholds are automatically determined from the statistics of the amplitude 
response of the smallest scale wavelet quadrature  pair. Transforms are then clipped at the 
threshold and the inverse transform is taken for optimal image improvement. Finally, images are 
linearly mapped to gray scale levels for display at the proper dynamic range such as 80 dB. At 
this stage, the jawbone outer boundary appears brighter than any object due to the strong 
reflections. The jawbone boundary is detected via applying an image thresholding algorithm, 
and then the time of flight of the first boundary is recorded for each scan line. A 3D mesh is 
formulated for the whole scanning process consisting of the recorded arrival times for each 
frame. A cubic smoothing spline function is then utilized to smooth the 3D mesh, before 
displaying the 3D surface image of the jawbone surface. An image of  using the high frequency 











Figure B: a) Photographic image for the mandible with a rectangle showing the scanned region 











Data will be organized using Excel spreadsheet. 
ANOVA, Student’s t-test, and Least Squares Means tests will be used to analyze data. The p- 




 To analyze the data, a data table was set up in Microsoft Excel.  The columns were 
labeled “conventional radiograph diameter” or Ultrasound diameter”.  The rows were labeled 
with the mandible identification number and defect location.  Each defect dimensional 
measurement was entered in the corresponding cell. The difference between the ultrasound and 
the actual defect measurement, the conventional radiograph and the actual defect were calculated 
using one way analysis.  The difference between the ultrasound and the 2-D conventional 
radiographic measurements were calculated using the ANOVA test.  These differences were 
evaluated based on variables, which included:  defect location in the mandible, defect size. X-ray 
beam exposure time and angulation of the conventional radiographs.  P-values based on 95% 
significance were calculated as well. 








RESULTS AND DISCUSSION 
 
RESULTS 
The Edentulous Mandibles with Simulated Periodontal Defects 
  
Table 1 shows the comparison between the actual defect diameters of 1 mm, 2mm and 4 
mm to measurements obtained using conventional 2- D radiographs in anterior and posterior 
locations. Exposure time and angulation of the x-ray beam were varied as follows: 12 
impulses+90 degrees , 10 degrees and 20 degrees,18 impulses+ 90 degrees,  8 impulses,90 
degrees. P value was less than 0.001 in the right buccal and left buccal for all the variables in 
angulation and time exposure. There was statistically significant difference between 
measurements made using radiographs in the left and right posterior area of the mandibles. No 
significance difference was found in the measurements made in the anterior. 
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Table 1: Comparison between actual diameter and measurements made using the conventional 




























































































Table 2 shows the comparison between the actual defect diameters of 1 mm, 2mm and 4 
mm to measurements obtained using ultrasound in anterior and posterior locations.  There was 
no statistically significant difference between the actual diameter of defects and measurements 
using ultrasound. 
 
Table 2: Comparison between actual diameter of defects and measurements made using 
ultrasound. 
 





A 0.059 0.05 0.24 
LB -0.014 0.05 0.77 
RB 0.021 0.07 0.77 
 
 
Table 3 shows the comparison between ultrasound and conventional 2- D radiographs at 
different exposure time and angulation.  The defects imaged were in the anterior and posterior 
mandible.  At 12, 20 degrees, 18 and 8 impulses, the ANOVA shows statistically significant 
difference between measurements of defects using ultrasound and conventional radiographs. 









Table 3: Comparison between measurements of defects using ultrasound and 2-D radiographs 
at different exposure time and angulation. 
 





Error of the 
Difference 










































































Tables 4-5 shows statistical results of comparison of ultrasound to actual defects based on defect 
size in anterior left buccal and right buccal. 
 






Table 4: Comparison of ultrasound based on defect size in anterior region 
 
Area A Mean Std Dev 
Analysis of 
Variance 
1mm 0.364 0.228 
Prob>F 
0.2260 2mm 0.270 0.146 
4mm 0.366 0.19 
 
 
Table 5: Comparison of ultrasound based on defect size in the left buccal region 
 
Area LB Mean Std Dev 
Analysis of 
Variance 
1mm 0.400 0.199 
Prob>F 
0.005 2mm 0.166 0.133 
4mm 0.283 0.209 
 
 
Table 6: Comparison of ultrasound based on defect size in the right buccal region 
 
Area RB Mean Std Dev 
Analysis of 
Variance 
1mm 0.396 0.235 
Prob>F 
0.149 
2mm 0.278 0.251 













Table 7 shows statistical significance in area LB at the size of 2mm defect 
 
Table 7: Comparison of ultrasound to actual defects based on defect size using Tukey- Kramer 
  
Defect size Area A Area LB Area RB 
1mm A A A 
2mm A B A 
4mm A A A 




Tables 8-10 show statistical results of comparison of conventional radiographs to actual defects 
based on defect size in anterior left buccal and right buccal. 
 
 
Table 8: Comparison of conventional based on defect size in anterior region  
 
Area A Mean Std Dev 
Analysis of 
Variance 
1mm 0.642 0.248  Prob>F 
0.0001 2mm 0.329 0.457 
4mm 0.152 0.146 
 
 
Table 9: Comparison of conventional based on defect size in left buccal region  
 
Area A Mean Std Dev 
Analysis of 
Variance 
1mm 0.468 0.228  Prob>F 
0.0001 
2mm 0.113 0.146 




Table 10: Comparison of conventional based on defect size in right buccal region  
 
Area A Mean Std Dev 
Analysis of 
Variance 
1mm 0.630 0.248  Prob>F 
0.0001 
2mm 0.206 0.184 
4mm 0.150 0.127 
 
 
Table 11 shows statistical significance in all areas at the size of 1mm defect 
 
Table 11: Comparison of conventional to actual defects based on defect size using Tukey- 
Kramer 
 
Defect size Area A Area LB Area RB 
1mm A A A 
2mm B B B 
4mm B B B 






Comparison of Ultrasound and Conventional Radiographs: 
 Figure 1 shows the number of times the evaluators who preferred either the 2-D 
conventional radiograph or the Ultrasound in image quality.  The evaluators felt that 16 out of 30 
ultrasound images were good quality, 13 were fair and 1 was poor. For the 2-D radiographs, the 
evaluators ranked 13 radiographic images as good, 11 as fair and 6 as poor quality image.  From 
figure1, ultrasound images were mostly in the good and fair category. 
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In reporting fatigue level, 16 images had low fatigue level, 14 medium and zero 
ultrasound images had high fatigue level. While 14 of the conventional 2-D radiograph images 
had low fatigue, 14 medium and 2 of the x-ray images had high fatigue level 
More ultrasound images were associated with low to medium fatigue than radiographs (Figure 





























Figure 2: Comparison of fatigue level between ultrasound and radiographs 
 
 
Figure 3 shows the percentage of evaluators who preferred either the ultrasound or 2-D 
conventional radiograph based on image clarity.   The conventional 2-D x-ray was preferred in 
14 out of the 30 images. Ultrasound images were preferred 13 times out of 30.  Three images 
showed identical preference from the evaluators. Radiographs were preferred more by the panel. 
However, ultrasound images were found to have more details.  The statistical differences were 
not calculated due to the small sample size. However, the contingency analysis reveals -0.27 


































The Dentate Mandible with Natural Periodontal Defect 
Comparison of Ultrasound and Cone Beam: 
Figure 4 show that 5 out of 6 ultrasound images were considered good quality. While 3 out of 6 
of cone beam images were considered good, it seems that the ultrasound image quality were 


















Figure 4: Comparison of quality of image between ultrasound and cone beam. 
 
 
In reporting fatigue level, 16 images had low fatigue level, 4 out of 6 ultrasound images had low 
fatigue reported while 3 out of 6 radiographs had low fatigue  
More ultrasound images were associated with low fatigue than radiographs 
 
































Figure 6 shows that the panel of 3 evaluators preferred the ultrasound images.  Furthermore, the 
panel also preferred the ultrasound on the basis of image detail. 
 
 


































The Edentulous Mandibles with Simulated Periodontal Defects 
Irrespective of the x-ray beam variables used: 12 impulses, 90 degrees; 12 impulses, +10 
degrees; 12 impulses, +20 degrees; 8 impulses, 90 degrees; or 18 impulses, 90 degrees, no 
significant differences were found between conventional 2-D radiographs and the actual defects 
in the anterior region. 
Irrespective of the x-ray beam variables used: 12 impulses, 90 degrees; 12 impulses, +10 
degrees; 12 impulses, +20 degrees; 8 impulses, 90 degrees; or 18 impulses, 90 degrees, 
significant differences were found between conventional radiographs and the actual defects in 
the right and left buccal posterior region of the mandible.  Morris et al.32  found that the majority 
of the posterior mandible was composed of Q-2 bone, which was a large, dense layer of cortical 
bone surrounding a dense trabecular core.  Misch et al.33  found that the posterior mandible is 
mostly composed of fine trabecular bone with a thinner cortical plate. An explanation may be 
that the lesser density of the posterior bone rendered a darker radiographic image with lesser 
contrast between the defect and the adjacent bone and thus resulting in less accurate 
measurements.  Also, the effect of drilling the simulated defects intracortically into more delicate 
trabecular bone may have been traumatic to the dried mandibles.  This brittle bone may have 
fractured more than was expected reducing the overall density differences that should have 
existed. 
No significant differences were found between ultrasound measurements and actual 
defects for left buccal regions only. This shows that ultrasound is reliable in imaging bone 
defects.  This is in agreement with Lost et al.29who concluded that ultrasound could provide 
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reliable images of the alveolar crest and the gingival tissues and sometimes of the entrance of the 
periodontal ligament space.  
      Irrespective of the area imaged, at 12 impulses, 90 degrees and 12 impulses, 10 degrees, 
no significant differences were found between ultrasound and conventional 2-D radiographs. 
Thus, no difference seems apparent between imaging performed in D2 bone of the anterior 
mandible and D3 of the posterior mandible. However, at 12 impulses, 20 degrees, 18 impulses, 
90 degrees, 8 impulses, 90 degrees, ANOVA found these differences to be significant in the 
posterior region. An explanation of this result would be what previously discussed about the 
difference in bone quality between anterior and posterior mandible.  Even though there was 
significant differences between ultrasound and 2-D radiographs in most of the measurements, 
there wasn’t enough statistical difference at 12 impulses, 90 degrees and 12 impulses, 10 
degrees, Thus, the null hypothesis of no significant difference exists between ultrasound images 
and conventional 2-D radiographs of higher density/quality anterior mandibular bone and lower 
density/quality posterior mandibular bone cannot be rejected.  However, a trend of better 
imaging with ultrasound was seen and more research in the future may confirm this observation. 
At 12 impulses, 10 degrees, the one way analysis test found that the conventional 2-D 
radiograph showed statistically significant differences in determining simulated defect diameter 
based on the defect size in the anterior region. Furthermore, comparison using the Tukey-Kramer 
test reveals that   the measurement of the 1mm defect size is significantly different.  A small 
defect size of 1mm in a dense cortical bone of the anterior mandible may be hard to discern using 
traditional periapical radiographs. 
       No significant differences were found between the ultrasound measurements and actual 
defects for the anterior and posterior regions. Based on the defect size, ANOVA reveals 
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significant difference only in left buccal area. This may be explained with the ultrasound 
positional errors. It is possible that access to the submerged mandible from the left side was 
compromised.   Comparisons using Tukey-Kramer test showed significant difference in 
measuring the 2mm defect. Furthermore, no statistical difference was noted in either method’s 
ability to more accurately distinguish between the large 4mm defect.  Therefore, if the defect was 
present the ultrasound was just as successful as 2-D conventional radiograph in imaging the 
defect’s diameter. This result is in agreement with. Tsiolis and Needleman5 who, in their study to 
investigate high frequency ultrasound imaging for periodontal probing, concluded that 
ultrasonography provides a highly accurate and repeatable technique for periodontal assessment. 
In contrary Palou et al concluded that measurements of the alveolar bone topography with their 
ultrasonic probe were not accurate and there were problems with reproducibility.34  Spranger 
who tried to determine the height of alveolar crest in periodontitis patients concluded that if 
carefully used this technique could add some information to X-ray diagnosis.6 In light of the 
results of this study, ultrasonography is a promising imaging technology in the field of dentistry. 
Survey Phase 
In terms of image quality, the panel of 3 evaluators preferred the ultrasound images.  
Furthermore, the panel also preferred the ultrasound on the basis of image detail. while statistical 
significance was not calculated due to the small number of evaluators, one can still draw the 
conclusion that the panel felt the ultrasound images were an improvement in quality and detail 
over the conventional radiographs. Although, the evaluators are more familiar and experienced at 
reading radiographs, they reported less fatigue level with ultrasound images. Ultrasound images 
are one to one and the images exhibit more depth and better resolution. 
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The Dentate Mandible with Natural Periodontal Defect 
In terms of image quality, and in comparing cone beam images to ultrasound images, the 
panel of 3 evaluators preferred the ultrasound images.  Furthermore, the panel also preferred the 
ultrasound on the basis of image detail. Again, statistical significance was not performed due to 
the small number of evaluators. However the panel felt the ultrasound images were an 
improvement in quality and detail over the buccal image of the cone beam. In reality, the cone 
beam images can be seen from different angles, providing more detailed information. In this 
study and for the sake of comparisons, only the buccal image was compared to the ultrasound. 
The two imaging modalities are very different, thus comparison is challenging. 
       












The purpose of this study is to investigate the efficacy of ultrasound imaging to accurately detect 
periodontal defects. The first phase of the study involved the placement of simulated periodontal 
defects of specific dimension into the edentulous dried human cadaver mandibles. These 
simulated defects were then radiographed and the effect of variation in exposure time and beam 
angulation on the defect detection was also evaluated. First, x-ray beam angulation was kept 
constant at 90°, and exposure time was varied between 8, 12, and 18 impulses.  Next, exposure 
time was kept constant at 12 impulses, and beam angulation was varied between 90° 
(perpendicular) and 10° and 20º to the perpendicular in the horizontal plane. The same simulated 
defects were then imaged using ultrasound. The scanned images with adequate quality and 
clarity were captured. The ultrasound and the conventional radiographs were then evaluated.  
The defects diameters on each ultrasound image and radiograph were measured. The ability of 
the ultrasound to accurately image the defect was compared to that of the actual defects and the 
conventional radiograph. The Second phase of this study compared the ultrasound images to 2-D 
radiographs of simulated defect in basis of image quality, fatigue level and amount of details. 
Moreover, 3-D ultrasound images were compared to 3-D cone beam images of natural 
periodontal defects. A panel of three evaluators consisting of two periodontists and one 
orthodontist were asked to evaluate both the 2-D and 3-D images. First they were shown a 
randomized compilation of 10 images of simulated defects. These images consisted of ultrasound 
and their conventional radiographs.  The panel was asked to evaluate the quality, clarity, and 
detail, as well as their perceived level of fatigue in looking at the images of both the ultrasound 
and conventional 2-D radiographs. Then they were asked to compare reconstructed 3-D 
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ultrasound images of two mandibles with natural periodontal defects to cone beam images. The 
panel of three professional evaluators was presented with these 3-D ultrasound reconstructed 
images to compare to cone beam images of the same periodontal defects. 
The results have shown that conventional radiographs were not accurate in imaging the 
posterior mandible, while measurements made from ultrasound images were accurate for both 
anterior and posterior mandibles. The bone quality difference between the anterior and posterior 
mandible did not affect the accuracy of ultrasound imaging. The ultrasound images were also 
rated favorably in image clarity, image detail, overall image quality, and fatigue levels. Surveyed 
clinicians preferred the traditional radiographs since they are more familiar with reading x-rays. 
It is possible that these clinicians may favor the ultrasound once they are more familiar with 
reading them. The panel also felt the ultrasound images were an improvement in quality and 
detail over the buccal image of the cone beam. In reality, the cone beam images can be seen from 
different angles, providing more detailed information. In this study and for the sake of 
comparisons, only the buccal image was compared to the ultrasound. The two imaging 
modalities are very different, thus comparison is challenging.  
 
Conclusions  
The following conclusions were made. 
1. No significant difference exists between accuracy of measurements obtained from 
ultrasound images and conventional 2-D radiographs when the width of defect 
was varied. 
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2. No significant difference exists between accuracy of measurements obtained from 
ultrasound images and conventional 2-D radiographs when the exposure time was 
varied. 
3. No significant difference exists between accuracy of measurements obtained from 
ultrasound images and conventional 2-D radiographs when the beam angulation 
was varied. 
4. Significant difference exists between accuracy of measurements obtained from 
ultrasound images and 2-D radiographs when bone density (anterior and posterior 
part of the mandible) was varied. 
 
Comparison of ultrasound and conventional radiographs using natural periodontal defects  
 
1. No significant difference exists in the levels of image clarity, image detail, 
overall image quality, and fatigue levels between 2-D ultrasound images and 
conventional 2-D radiographs. 
 
Comparison of ultrasound and conventional radiographs using natural periodontal defects  
 
1. No significant difference exists in the levels of image clarity, image detail, 
overall image quality, and fatigue levels between 3-D ultrasound images and 3-D 






Upon completion of this study, the following recommendations were made:          
1. Sample size in the survey should be increased for further evaluation of the dental 
practitioner’s preference for the ultrasound images. 
2. Repeat this study using a large sample of natural periodontal defects.  
3. Reconstructed 3-D ultrasound images are quite different. Improvement in reconstructing 
these images will encourage the use of this type of imaging 
4. Increase familiarity with ultrasound imaging in dentistry. 
5. Develop small ultrasound probes that can be used in the oral cavity. 
6. Develop software that will do automatic interpretation to ultrasound images. This may 
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Thank you for taking the time to participate in my research,. This part of study intends to 
compare the ultrasound image to the traditional radiographic image of defects placed in the body 
of ten 10 different mandibles. The images are presented as obtained by the two imaging systems.  
Directions: 
Please download the attached word file which contains the answer sheet. 
Please open the PowerPoint presentation, to view the mandibles while placing  your answer on 
the answer sheet. 
Please fill in the questionnaire presented in the table for each labeled mandible. 





Rajia Sebbahi  D.M.D 
3rd year orthodontic resident 



















Survey Sample  
 
Interviewer: 






Confidence level of exam(how 
sure are you) 
 
Fatigue level viewing image(low or high 












Not Confident                   very confident 
0----------------------------100%    
 
                      __% 
 
   Low                High 












Not Confident                   very confident 
0----------------------------100%    
 
                      __% 
 
 
Low                  High 




-Is there improved 
image clarity between 
the images? 
 
Yes                No 
 








  Small improvement 
  Large improvement 
-Are you able to 
discern more 
details from one 
image? 
 
Yes        No 
 
-Which image 





















































Orientation PowerPoint presentation to familiarize the evaluators 




















Dear Doctors,  
 Thank you for taking the time to participate in my research,. This part of the study 
intends to compare the 3-D ultrasound images to the cone beam images.  Please evaluate the 
images of the two mandibles with reference to the periodontal defects. 
 I have oriented the cone beam image so we can objectively compare to the ultrasound 
image.  
Directions to evaluate the images:  
Please download the attached word file which contains the answer sheet.  
Please open the orientation Power Point presentation 
Please open the PowerPoint presentation, to view the mandibles while putting   your answer on 
the answer sheet.  
Please fill in the questionnaire presented in the table for each labeled mandible.  
Please either email me the answer sheet or let me know when to pick up the hard copy.  Thank 
you.  
Sincerely  
Rajia Sebbahi, D.M.D,  
3rd year orthodontic resident  






















The following orientation slides introduce the evaluators to 3-D reconstructed ultrasound 
image. The ultrasound image is superimposed on the mandible to help orient the reader. 
Landmarks have been labeled to familiarize the reader with 3 D ultrasound image. The color 
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